SYNOPSIS A battery of computer-based psychological tests given to seven patients with chronic hepatic encephalopathy showed them to be intellectually impaired, particularly on speed-based measures, as compared with general hospital patients and with patients with cirrhosis but without clinical or electroencephalographic evidence of encephalopathy. Two of the seven patients in the latter group also showed evidence of cognitive impairment on some tests. The effects of levodopa were also evaluated by sequential assessment with these tests. Although there was some improvement in speed of performance on certain tasks and a suggestion of deterioration on other measures, there was little overall change. It is concluded that levodopa has an 'arousing' or antidepressant action and that its effect on intellectual functions is secondary to this alerting effect and is consequently dependent on the emotional and attentional status of the patient.
Chronic liver disease may be complicated by a neurological examination and the EEG are chronic neuropsychiatric syndrome referred to as chronic hepatic (portosystemic) encephalopathy (CHE). Most patients with CHE have undergone portosystemic shunt surgery for the relief of portal hypertension but a minority develop chronic encephalopathy after the development of a natural shunt (Summerskill et al., 1956) . Evaluation of these patients has rarely included intellectual assessment based on objective psychological tests. However, Zeegan et al. (1970a) using a star drawing test and the Reitan's Trail Test reported impairment after portocaval anastomosis. In another study (Zeegan et al., 1970b ), the same group tested four patients before and after treatment with lactulose and reported that two patients improved on the Trail Test. However Read et al. (1968) have reported that EEG changes can be used as objective evidence of cerebral involvement and stressed the importance of early diagnosis. They suggested that there might be a latent period in the development of CHE during which both the normal.
In the course of evaluating a battery of computer based tests we have carried out a study on seven patients with established CHE, together with seven 'control' patients with cirrhosis, in whom encephalopathy had been excluded clinically and by EEG, and with a further seven control patients without liver disease. The battery included measures of route-finding, coding, short-term memory, multiple choice, and simple reaction time and motor tapping. Since the item-generation procedures devised for these tasks make them particularly suitable for sequential use (Jones and Weinman, 1973) , the performance of four patients undergoing a therapeutic trial of levodopa was monitored.
Levodopa has been shown to produce improvements in cognitive functioning in patients with Parkinsonism, but the nature of these improvements is not clear. Several authors have Cognitive deficits associated with chronic hepatic encephalopathy (Marsh et al., 1971; Loranger et al., 1972) , while yet others have pointed out that the tests used failed to evaluate the motor component in the subjects' performance and hence cannot resolve this issue (Birdsong and McKinney, 1974 All the tests, which are described more fully elsewhere (Lunzer et al., 1974) were presented on a small computer system using a cathode ray oscilloscope display (Jones and Weinman, 1973 Table 2 summarizes the changes that were found with four patients with CHE, who were treated with levodopa. All patients were treated double-blind and the order of medication was balanced for practice effects-that is, two patients were tested first while on placebo tablets and then during levodopa treatment and two were tested in the reverse order. Overall these four patients did better while on levodopa. They did less well on the tests of memory and attention but showed improved scores on the speed-based tests which require speeded motor coordination. In only two tests' however, did all four patients show improvement. These were the coding tests under the accuracy condition and the auditory reaction time test. Three patients showed improvement on the fast rate digit span test and on the tapping test, one patient showed some impairment on both these tests. It is worth noting that these four tasks, all of which have speed-based aspects, showed considerable differences in these patients as compared with the two control groups. Although drug-related improvements did occur with these tasks, the improved level of performance was still far below that found in the control groups. In contrast with these scores, two measures of intellectual competence which were relatively speed independent showed evidence of impairment associated with levodopa. (1974) who reported an increase in arousal with levodopa which they claimed could not be accounted for by a physical improvement or by the relief of depression. Contrasting with these accounts of intellectual improvement, there are also reports that levodopa may actually impair intellectual performance in some patients (Van Woert et al., 1970; O'Brien et al., 1971) . Finally Botez and Barbeau (1973) have concluded that levodopa per se does not seem to be involved in the intellectual deterioration observed in Parkinsonism patients after long-term treatment with levodopa. These conflicting opinions might reflect the failure to distinguish specific intellectual changes from those brought about by a general speeding up of cerebral functions or by an increase in motivation, drive or arousal level.
In normally motivated subjects, a further increase in motivation will, in general, facilitate performance on simple psychomotor tasks but tends to impair performance on more complex tasks. This finding has been canonized in contemporary psychology as the Yerkes-Dodson Law (Yerkes and Dodson, 1908) .
Computer generated tests allow the control of the timing and duration of stimulus presentation and the accurate timing of subjects' responses and hence make it possible to evaluate the relative contribution made to the test results by the speeding up of specific processes. (Avons et al., 1974; Elithorn, 1974) . On the other hand, relief from depression tends to improve all aspects of intellectual skills.
It is therefore possible to conclude from this study and from the literature that levodopa has both an antidepressant and a stimulant effect and that these sometimes produce concomitant improvements in intellectual functions. Furthermore, the apparent impairment of some intellectual functions found both in this study and in studies of Parkinsonism patients could be attributed to the known effects of increased arousal on more complex skills. 
